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Abstract 
Purpose. Determining the deformation properties of backfill mass used to preserve the continuity of the coal-rock stratum 
enclosing mine workings. 
Methods. To achieve the purpose set, laboratory studies have been performed on crushed rock samples with different granu-
lometric composition, which are exposed to uniaxial compression in a steel cylinder. The experimental data are processed 
using the mathematical statistics methods. 
Findings. As a result of performed laboratory studies, it has been determined that during compression pressure of the back-
fill material from crushed rock, the deformation modulus is a variable value and depends on the value of the applied load, 
which means that it cannot be used as a physical characteristic of the backfill mass. It has been proven that the deformation 
modulus characterizes the backfill mass rigidity, that is, its ultimate stress state. The rigidity value under a constant external 
load, can be regulated using the granulometric composition of the crushed rock. It has been revealed that the maximum 
shrinkage of the backfill mass is achieved when repacking crushed rock fractions of different sizes under volume compres-
sion of the backfill material. In the case when the backfill material is a homogeneous fraction of crushed rock, when increas-
ing the constrained modulus, the backfill mass rigidity increases, and shrinkage decreases. 
Originality. It has been proven that the values of the crushed rock compaction coefficient, which characterizes the shrin-
kage of the backfill mass, are correlated with a parabola and depend on the granulometric composition of the source materi-
al. With inhomogeneous granulometric composition, the compaction coefficient values are maximum, and for backfill mate-
rial with the similar fraction, they decrease with a change in the bulk density of the crushed rock. 
Practical implications. To ensure the side rocks stability and to maintain mine workings in an operational state, it is neces-
sary to ensure a uniform by volume granulometric composition inhomogeneity of the crushed rock. This determines the 
ability of the roof and bottom of the coal seam to effectively respond to the impact of external factors that are manifested in 
the mass of sedimentary rocks during mining operations. 
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1. Introduction 
Performance of the majority of domestic deep coal mines, 
especially in difficult mining-and-geological conditions, has 
relatively low technical and economic indicators. Besides, 
during mining operations, collapse of side rocks and block-
age of mine workings are possible, which leads to the min-
ers’ injury. In most cases, the causes of accidents and emer-
gency situations are the lack of reliable means of ensuring 
the stability of mine workings. 
One of the conditions for guaranteeing high indexes of 
coal production is to ensure mine workings stability in the 
coal mine. The efficiency of mining-out the coal seams and 
the safety of mining operations largely depends on the 
method used to control the roof in the stope face. As evi-
denced by the world experience of coal seams mining in 
difficult mining-and-geological conditions, the state of side 
rocks and the mine workings preservation in a sedimentary 
rock mass are most favourably influenced by the method of 
controlling the roof through backfilling of the mined-out 
space [1]-[3]. Therefore, in order to avoid emergency situa-
tions and reduce the probability of negative rock pressure 
manifestations in mine workings, especially when mining 
the coal seams at great depths, it is necessary to focus on 
backfilling of the mined-out space as a way to control the 
roof in the stope face. By using backfilling of the mined-out 
space, the state of side rocks will be improved and blockage 
in mine workings will be eliminated. 
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1.1. Recent research and publications analysis 
Rock waste dumps of mines are the main source of envi-
ronmental pollution in coal-mining areas. Currently, they 
should be considered as objects that present the prospect of 
subsequent processing and use [4], for example, for backfill-
ing of the mined-out space. 
More than 1000 rock waste dumps have been accumulated 
over the entire period of functioning the mining enterprises on 
the territory of Ukraine. These dumps occupy an area of about 
20 thousand hectares of highly fertile chernozem soils [5]. 
Analysis of the world experience in underground mining 
of mineral deposits shows that up to 35% of mines use sys-
tems of mining with backfilling of the mined-out space. In 
coal mines, the method of controlling the roof by backfilling of 
the mined-out space is used in exceptional cases, for example, 
when it is necessary to reduce the endogenous fire hazard and 
for mining the coal seams under security facilities [6]. 
Indeed, the substantial experience of using the backfilling 
with crushed rock has been obtained in the mines of Ukraine in 
cases of solving complex issues of protecting industrial, resi-
dential objects and water bodies on the surface, when managing 
geomechanical processes during mining the reserves in difficult 
mining-and-geological conditions, and, when it is necessary 
to reduce the volume of rock output from mines [7]-[10]. 
Some specialists believe that if the rock is left in the 
mine, then the complex issues of managing geomechanical 
processes in the coal-rock mass enclosing the mine workings 
can be solved during the development of stope and prepara-
tory works [11]. It is noted that it is the backfilling of the 
mined-out space that provides the least shrinkage of the un-
derworked stratum and restrains the side rocks displacement 
in the mass. However, with such statement of a situation, 
there are no requirements for backfill mass, which reflect 
their deformation properties and ensure the stability of the 
coal-rock mass [12]. 
It is known [13] that backfilling of the mined-out space 
has a positive influence on the state of the side rocks in the 
vicinity of the stope working and adjacent extraction drifts. 
This is not only due to the influence of reducing the effective 
thickness of the seam. When mining the longwall faces with 
complete roof collapse or complete backfilling of the mined-
out space, under the condition of the similar effective thick-
ness of the seam, the geomechanical pattern in the coal-rock 
mass enclosing the mine workings is different [14]-[15]. 
Probably, the improvement in the nature of the side rocks 
state when using backfilling of the mined-out space from 
crushed rock is conditioned by the nature of the roof and 
bottom interaction with the backfill mass. 
As it has been determined before [16], the change in the 
stress-strain state of side rocks when using yielding supports 
for mine workings security occurs as a result of their shrink-
age or compression. To achieve a favourable geomechanical 
situation in the coal-rock mass enclosing the mine workings, 
it is necessary to provide a smooth deflection of side rocks. 
Then, other factors being equal, the probability of natural 
hazards in the mine workings will always be less. 
It is believed [17] that the use of backfilling of the mined-
out space ensures safe and effective minerals extraction. In 
real conditions of mining the coal seams with backfilling of 
the mined-out space, the backfill mass perform the functions 
of a supporting structure. They provide supporting of side 
rocks in the mined-out space behind the longwall face and 
prevent dangerous rock pressure manifestations, such as 
sudden collapse of the stratified rock stratum [18]. The world 
experience of mines and pits that use backfilling of the mined-
out space to protect mine workings and surface objects indi-
cates that a change in the geometry of the backfill mass signif-
icantly influences on its compressibility. In the rubble band 
used to protect the drifts, the backfill material functions in the 
conditions close to uniaxial compression, and in the compact 
mass, when the method of roof control is used through back-
filling of the mined-out space, in the conditions of volume 
loading [19]. It is evident that the compression of the backfill 
mass under the action of own weight of the overlying layers 
occurring across a certain area is carried out when the lateral 
expansion is impossible. Such a particular case of triaxial 
pressure influence is called compression [20], [21]. 
To maintain mine workings with limited volumes of rock 
in underground conditions, it is proposed to use a solidifying 
backfill [22]. Such a solution in certain mining-and-
geological conditions, ensures the maintenance of mine 
workings due to the use of a solidifying support, in compari-
son with other protecting methods. At the same time, there 
are still unresolved issues related to the regulation of the 
backfill solidifying processes and the preparation of multi-
component solidifying mixtures, as well as the influence of 
solidifying supports on mine workings stability [23], [24]. 
Proceeding from this, the backfill mass from crushed rock, as 
a means of restraining the displacements of side rocks, must 
have certain properties and characteristics. This will maintain 
the mine workings in an operational state and increase the 
safety of mining operations, while meeting the requirements 
for the source backfill material. 
1.2. Purpose and objectives of research 
The purpose of research is to determine the deformation 
properties of the backfill mass used to preserve the continuity 
of the coal-rock stratum enclosing the mine workings. 
To achieve this purpose, the following objectives are set:  
– to determine the physical and mechanical characteris-
tics of backfill mass from crushed rock with different granu-
lometric composition; 
– to study the deformation properties of backfill mass 
from crushed rock under compression pressure to substanti-
ate the side rocks stability. 
2. Materials and methods of research 
The backfill mass consists of the source material – 
crushed rock of various sizes. Such mass very rarely are an 
accumulation of any single faction. Usually, all fractions in 
the backfill mass are in certain proportions, which means that 
particles of various sizes that compose the backfill mass 
system have certain properties. To study the physical and 
mechanical properties of the backfill mass, the granulometric 
composition of the backfill material from crushed rock is 
analysed in this research. 
The simplest way to determine the crushed rock granu-
lometric composition is by sieving the source material 
through a set of standard sieves with holes 5, 4, 3, 2, 1 and 
0.1 mm [25]-[29]. 
To determine the percentage content of the fractions ob-
tained after sieving the source material of crushed rock, weigh-
ing is carried out on a technical weigh scales with an accuracy 
to 0.01 g. The sum of the weights of all fractions is different 
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from the initial weight of the source material by 1%, which 
meets the requirements stated in the work [20], [28]. 
It is known [25], that the bulk weight of crushed rock ρb 
(kg/m3) is the weight of a unit volume of loose rock mass. 
During the experiments, the value of ρb (kg/m3) is deter-
mined using a special measuring vessel with a volume of 
Vv = 10-3 (m3) and the weight mv (kg), in accordance with the 
methodology described in the work [29]. 
After performing the experiments, a value of the bulk 








= ,               
(1) 
where: 
mv – the weight of a measuring vessel with crushed rock, kg. 
It is believed [30]-[32] that the value of ρb (kg/m3) de-
pends on the rock moisture content and its bulk weight. 
Therefore, laboratory samples, dried to constant weight, are 
used for testing. 
Void factor М (%) of the backfill material is determined 
by calculation based on the preliminary found values of the 
average density ρ (kg/m3) of the source material and its 
bulk density ρb (kg/m3) according to the expression from 





= −  
 
.              (2) 
Compression properties of the crushed rock with different 
granulometric composition are tested in a steel cylinder with 
a height of hcyl = 0.075 m and a diameter of dcyl = 0.075 m. In 
the course of the experiments, a P-50 hydraulic press is used 
as a test equipment, intended to load experimental samples 
with a static load (during their testing for compression). The 
maximum force developed by the press is 50 tons. A steel 
cylinder filled with crushed rock of a certain fraction with a 
plunger is set between parallel press plates (Fig. 1а, b). After 
that, a vertical force F (kN) is applied to it. As a result of this 
interaction, vertical normal stresses σz (MPa) arise in the 
sample, due to which the crushed rock is compacted and the 




Figure 1. Photo of experimental equipment for determining the 
compaction coefficient kcompa of crushed rock: 
(а) press for compressing the steel cylinder; (b) steel 
cylinder with removable bottom: 1 – steel cylinder;  
2 – plunger; 3 – crushed rock 
To determine the compaction coefficient kcompa, crushed 
rock is used, consisting of inhomogeneous fractions and source 
material dispersed into standard fractions. The compaction 
coefficient kcompa of the crushed rock is calculated as the ratio of 
the volume occupied by the source material before compaction 
to the volume that it occupies after compacting [25]-[28]. 
In this research, the values of the rigidity coefficient С 
(N/m) of backfill mass is determined based on Hooke’s 





= ,                (3) 
where: 
Δh – the value of crushed rock compression in a com-
pression device, m. 
3. Experimental findings 
The data of experimental research on determining the 
granulometric composition of crushed rock are presented in 
Table 1. 
Table 1. Data from laboratory studies of the crushed rock granu-






in the total volume, % 
5 > 5 4 
4 4-5 16 
3 3-4 19 
2 2-3 24 
1 1-2 18 
0.1 0.1-1 14 
 < 0.1 5 
 
The results of the sieve analysis are shown graphically 
(Fig. 2) in the form of a grain-size accumulation curve 
(Fig. 2а), as well as a histogram and differential curves of the 
crushed rock particles distribution by sizes (Fig. 2b).  
The granulometric composition of the crushed rock 
(Fig. 2а) is characterized by the coefficient of inhomogeneity 
kinhom, which reflects the scattering of the crushed rock shape 
and size relative to their average value. Having determined 
the particle diameters, the value of the coefficient kinhom can 
be determined, as it is recommended in [29]. Given that the 
inhomogeneity coefficient values of the rocks forming Don-
bass coal deposits usually range within the limits of 
kinhom = 1.6, the found experimental value kinhom = 4.8 charac-
terizes the inhomogeneity of the crushed rock source material. 
To construct a histogram and a differential curve of the 
particles distribution by sizes, on the granulometric graph, 
the linear size d (mm) of the measured particles is plotted 
along the abscissa axis, and their percentage content P (%) in 
the total volume of the crushed rock source material is plot-
ted along the ordinate axis (Fig. 2b). Volume ratios intervals 
are presented as bars with height Пi = Δdі. In this case, a 
histogram of the particles distribution by sizes is obtained 
(Fig. 2b). Having connected the midpoints of the bars upper 
bases of the distribution diagram, a smooth differential curve 
is obtained. The resulting dependence characterizes the parti-
cles with average sizes enclosed between the right and left 
edges of one bar (diav, mm), which occupy Pi (%) by volume 
in the crushed rock source material (Fig. 2b, dependence 3).  
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Figure 2. Granulometric composition of crushed rock: (а) in the 
form of a grain-size accumulation curve; (b) in the form 
of a histogram and differential curve of the crushed 
rock particles distribution; 1 – a grain-size accumula-
tion curve; 2 – histogram; 3 – differential curve of the 
particles distribution 
The main statistical characteristics of the differential 
curves of the particles distribution by sizes are the mean 
value, median and mode [30]. For a normal distribution, the 
mean, median and mode coincide, which is confirmed by the 
obtained experimental data (Fig. 2b). 
The physical and mechanical properties of the backfill 
mass depend on the ratio of the main fractions in them, in 
accordance with the studied peculiarities of each crushed 
rock fraction. 
Laboratory studies data on determining the value of M 
(%) are presented in Table 2. Values of ρb (kg/m3) for the 
crushed rock are given after sieving by fractions. From the 
data presented in Table 2, it can be seen that with an increase 
in ρb (kg/m3), the values of void factor М (%) decrease. 
Table 2. Laboratory studies data on determining the bulk density 
and void factor of the backfill material from crushed rock 
Fraction size, mm Bulk density ρb, kg/m3 Void factor М, % 
0.1-5 1820 14 
4-5 1680 20 
3-4 1720 19 
2-3 1860 12 
1-2 1880 11 
1-0.1 1940 8 
 
The results of tests on compression are represented in the 
form of a compression diagram, when the value of the external 
force F, (kN) is plotted along the abscissa axis, and the dis-
placement – change in the height of the sample Δh (m) during 

























A ( ,pplied force  kN)F










Figure 3. Graphs of changes in a height Δh (m) of a sample from 
crushed rock with different granulometric composition 
under uniaxial compression in a steel cylinder depend-
ing on the applied force F (kN): 1 – fraction size  
0.1-5 mm; 2 – fraction size 4-5 mm; 3 – fraction size 0.1-
1 mm; ∆h1 = 0.023 m; ∆h2 = 0.021 m; ∆h3 = 0.007 m – 
value of samples 1, 2, 3 compression 
From Figure 3 it is seen that the compression diagram of 
the backfill material is curvilinear throughout. However, in a 
certain limited range of compressive load, the backfill mass 
can still be considered as a linearly deformable body. 
Let us consider compression as a particular case of triaxi-
al pressure impact on a linearly deformable body, when 
compaction of crushed rock occurs. 
Figure 4 shows a scheme of the crushed rock sample de-
formation in a steel metal cylinder under uniaxial compres-
sion. The relative deformation λz of a crushed rock sample 









,              (4) 
where: 











Figure 4. Scheme of the crushed rock sample deformation in a 
steel metal cylinder: F – compression force (kN);  
Δh – value of compression (m); hcyl – cylinder height (m); 
dc – cylinder diameter (m) 
I. Iordanov, Yu. Novikova, Yu. Simonova, O. Yefremov, Ye. Podkopayev, A. Korol. (2020). Mining of Mineral Deposits, 14(3), 119-127 
 
123 
Figure 5 shows the dependences reflecting the change in 
the compaction coefficient of the crushed rock kcompa on its 
bulk density ρb (kg/m3). 
To construct the experimental dependences, the values of 
the compaction coefficient kcompa are plotted along the ordi-
nate axis, and the bulk density of the crushed rock ρb (kg/m3), 
corresponding to these values, is plotted along the abscissa 
axis (Fig. 5). To determine the form of the link between the 
compaction coefficient kcompa and the bulk density of the 
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Figure 5. Graphs of the change in the compaction coefficient of 
crushed rock kcompa at different bulk density ρb (kg/m3) 
of the source backfill material 
Let us analyse the correlation field of the obtained exper-
imental data with their subsequent approximation (Fig. 5). 
As a result of the research performed, it has been determined 
that the closest link between the considered parameters can 
be described by a quadratic parabola, the determination coef-
ficient of which is R2 = 0.87. Thus, the resulting regression 
equation, which has the form: 
20.00001213 0.0432 36.9y ax bx c x x= + + = − + − ,           (5) 
explains 87% of the variance of the effective feature, and the 
share of factors not considered in the experiment is 13% of 
its variance. 
When approximating the experimental data by a linear de-
pendence, the determination coefficient is R2 = 0.06 (Fig. 5). 
It has been experimentally determined that with an inho-
mogeneous granulometric crushed rock composition, the 
fraction size of which is 0.1-5 mm, and the bulk density 
ρb = 1800-1820 kg/m3, the compaction coefficient value 
corresponds to kcompa = 1.54-1.57. In the case when the 
crushed rock is represented by a large sized fraction of  
4-5 mm, with a bulk density ρb = 1620-1650 kg/m3, the com-
paction coefficient values are kcompa = 1.24-1.27. In the pres-
ence of fine homogeneous fractions with a particle size of 
0.1-1 mm in the backfill material, with a bulk density 
ρb = 1940-1970 kg/m3, the compaction coefficient value 
decreases to kcompa = 1.11-1.16. 
From this, it follows that with an inhomogeneous granu-
lometric composition of the crushed rock, as a result of com-
pression, the compaction coefficient values kcompa have max-
imum values in the range kcompa = 1.54-1.57. 
This is also confirmed by the results of research in [21], 
[33], where it was determined that soils with a homogeneous 
granulometric composition, plastic deformations are much 
less manifested. Constant changes in the structure take place 
in soils with an inhomogeneous granulometric composition, 
when plastic deformations develop uniformly. 
When the obtained experimental data are processed and 
the dependences are analysed, the optimal bulk density value 








 = − = =

 kg/m3,            (6) 
at which the compaction coefficient kcompa takes maximum 
values corresponding to kcompa = 1.56. 
When performing research on determining the compac-
tion coefficient values of the backfill mass kcompa, mathemati-
cal statistics has been used, which made it possible to assess 
their accuracy and reliability during processing the experi-
mental results. 
The constrained modulus Еconstr (MPa) of the backfill 








= ,               (7) 
where: 
σ – pressure transferred to the crushed rock sample, MPa. 
Under compression, the crushed rock sample deformation 
occurs as a result of volume compression. It has previously 
been determined [20], [34] that regardless of the type of 
stress state, when the crushed rock is compressed, its struc-
ture is compacted and the contact between particles increas-
es. It is believed [28] that when the sample is compressed in 
a steel cylinder, the sample diameter does not change, and 
the relative vertical deformation is equal to the relative vol-
ume change ΔV (m3). Obviously, when compressed, there is 
a decrease in the volume of the backfill material, and then a 
relative change in its void factor ΔМ (%) also occurs, that is, 




= = ,              (8) 
where: 
V – initial volume of the crushed rock sample, m3. 
Given the above, the change in void factor ΔМ (%) of the 





 =  ,               (9) 
when, as a result of its compressibility, there is a repacking 
of crushed rock fractions [20]-[25], [34], [35] within a sys-
tem of backfilling the mass. 
Backfill mass have a similar rigidity coefficient C (N/m) 
as in the spring. However, unlike a spring, the rigi-dity coef-
ficient of the backfill mass is not constant and increases in 
proportion to the pressure increase [36]. 
Laboratory studies data on determining the rigidity 
C (N/m) of the backfill mass are presented in Table 3. 
Figure 6 shows the graphs reflecting the change in the 
relative linear deformation λz and constrained modulus Еconstr 
(MPa) of the backfill mass deformation at different crushed 
rock bulk density ρb (kg/m3). 
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Table 3. Laboratory studies data of the compression characteristics of the backfill mass from crushed rock with different fractions 
Fraction size, mm 
Maximum compression 
force, F, kN 
σ, MPa ρb, kg/m3 h, m ∆h, m λz Econstr, MPa С, N/m 
0.1-5 150 34.8 1820 0.063 0.023 0.36 95.3 6.5∙106 
4-5 130 30.6 1680 0.062 0.021 0.33 90.2 6.2∙106 
3-4 120 27.9 1720 0.063 0.02 0.31 87.8 6.0∙106 
2-3 110 25.5 1860 0.064 0.017 0.26 96.1 6.4∙106 
1-2 90 21 1880 0.062 0.011 0.17 118.3 8.1∙106 


















































Figure 6. Graphs of the change in the relative linear deformation 
λz and constrained modulus Еconstr (MPa) of the backfill 
mass deformation at different crushed rock bulk density 
ρb (kg/m3): 1 – λz; 2 – Еconstr (MPa) 
It has been determined that with an increase in the 
crushed rock bulk density ρb from ρb = 1680 kg/m3 to 
ρb = 1800 kg/m3, the relative linear deformation λz of the 
backfill mass increases, and with ρb > 1800 kg/m3, it sharply 
decreases (Fig. 6, dependence 1). 
With an increase in the crushed rock bulk density from 
ρb = 1800 kg/m3 to ρb = 1940 kg/m3, the values of Еconstr (MPa) 
increase from Еconst = 60 MPa to Еconst = 147 MPa. In the inter-
val ρb = 1680-1800 kg/m3, the values of the constrained modu-
lus of backfill mass deformation decrease from Еconst = 95 MPa 
to Еconst = 60 MPa (Fig. 6, dependence 2). 
From the data in Table 3 follows that the maximum com-
pression Δh = 0.023 m of crushed rock in a steel cylinder oc-
curs at ρb = 1820 kg/m3, and the minimum compression value 
Δh = 0.007 m is recorded when ρb = 1940 kg/m3. It is evident 
that with an increase in the value of the constrained modulus 
of deformation Еconstr (MPa), the compressibility of the backfill 
material decreases. The constrained modulus of deformation 
Еconstr (MPa) characterizes the compression degree of the 
crushed rock system, namely, the backfill mass shrinkage. 
Figure 7 shows the graphs of changes in void factor 
ΔМ (%) of the backfill material from crushed rock with dif-
ferent bulk density ρb (kg/m3) under uniaxial compression in 
a steel cylinder. 
It is seen from Figure 7 that with an increase in ρb (kg/m3), 
the value of ΔМ (%) decreases from of ΔМ = 6.6% at 
ρb = 1680 kg/m3 to ΔМ = 0.88% at ρb = 1940 kg/m3 which 
testifies a variable compaction coefficient of the backfill ma-
terial having different granulometric composition of the 
crushed rock. With an increase in the rigidity of the backfill 
mass material с∙106 (N/m), the values of the compaction coef-
ficient kcompa and the backfill mass shrinkage ∆Z (%) decrease 
∆Z (%) (Fig. 8). It can be noted that at the maximum rigidity 
of the backfill mass, when с = 10∙106 N/m, the minimum 
compression value is Δh = 0.007 m. 
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Figure 7. Change in the void factor ΔМ (%) of the backfill mate-
rial from crushed rock with different granulometric 
composition at a certain bulk density ρb (kg/m3) as a re-
sult of uniaxial compression in a steel cylinder: 1 – void 









































































Figure 8. Graphs of the change in the crushed rock compaction 
coefficient kcompa and the backfill mass shrinkage  
ΔZ (%) at a variable rigidity с∙106 (N/m): 1 – kcompa; 
2 - ∆Z (%) 
Hence, the minimum compaction coefficient is kcompa = 1.1 
with the backfill mass shrinkage ∆z = 10% (Fig. 9).  
It is also obvious that with an increase in the compressive 
force F (kN), the rigidity of the backfill mass material in-
creases. Thus, for the crushed rock, the size of the fraction of 
which is 0.1-1 mm, with an increase in the compressive force 
from F = 20 kN to F = 60 kN, the rigidity of the backfill 
mass material increases from C = 7.4∙106 N/m to C = 9.5∙106 
N/m. As a result of this interaction, the maximum compres-
sion of the homogeneous crushed rock of the fine fraction 
occurs, and ∆h = 0.007 m (Fig. 10). 
It should be noted that the backfill mass of crushed rock 
are complex research objects, the physical characteristics of 
which depend on a large number of factors. 
 






























Figure 9. Graphs of the change in the compression value ∆h (m) of 
the backfill mass depending on the rigidity с∙106 (N/m) 
20






















Figure 10. Graph of the change in the external force value F (kN) 
applied to a plunger in a steel cylinder with crushed 
rock under uniaxial compression depending on the 
backfill material rigidity с∙106 (N/m): crushed rock 
fraction 0.1-1 mm 
Each specific type of backfill mass as a physical body 
was assessed using a number of physical characteristics. The 
physical parameters determined from the experiments give 
an estimate of the backfill mass real properties with a certain 
error (up to 13%). 
4. Discussion of experimental research results 
To assess the deformation properties of the backfill mass, 
compression pressure on the crushed rock with various gran-
ulometric composition is used in this study. Compression 
tests (Fig. 1) are a convenient tool for modelling the backfill 
mass behaviour under load for determining their physical and 
mechanical characteristics. 
As a research result, it has been revealed that the granulo-
metric composition of the crushed rock and its inhomogeneity 
are the main characteristics for determining the physical prop-
erties of backfill mass (Table1, Fig. 2), used to support side 
rocks in the coal-rock mass enclosing mine workings. 
The void factor of the backfill mass depends on the gran-
ulometric composition of the crushed rock, taking into ac-
count the geometric shape, size and arrangement of particles 
in space (Table 2, expr. 7, Fig. 7). As a result of compres-
sion, the backfill mass shrinkage occurs, that is, repacking of 
crushed rock particles, and hence a decrease in the volume 
and void factor of the backfill material (Figs. 3, 4, 8). In the 
case when the backfill mass is represented by a homogeneous 
fraction of a large size, its deformation occurs due to the elas-
tic compression of the crushed rock. With an inhomogeneous 
granulometric composition of the crushed rock, as a result of 
compression, a mutual displacement of fractions occurs rela-
tive to each other, with a maximum backfill mass shrinkage 
and a maximum compaction coefficient (Fig. 5). 
The deformation characteristics of the backfill mass, as a 
system, determine their ability to respond to the impact of 
various external factors, which are manifested in the coal-
rock mass enclosing mine workings. One of the main re-
quirements for backfill mass, intended to ensure the side 
rocks stability and the safety of mine workings is their rigidi-
ty. The value of the backfill mass rigidity, under constant load, 
is regulated by the granulometric composition of the crushed 
rock (Table 3). The greater the rigidity of the backfill mass 
system, the higher the deformation modulus (Fig. 6). 
The constrained modulus of deformation Еconstr (MPa) 
cannot be taken as a constant physical characteristic of the 
backfill mass, since is a variable value that depends on the 
system rigidity (Table 3). For efficient mining of coal seams 
at great depths, when providing the side rocks stability dur-
ing unloading of the coal-rock mass and to maintain the mine 
workings in an operational state, it is necessary to focus on 
the method of controlling the roof in the stope face by back-
filling of the mined-out space. To obtain the maximum effect 
from the use of backfilling of the mined-out space, it is nec-
essary to provide the inhomogeneity of the source backfill 
material, as a system of fractions. 
Having certain physical and mechanical peculiarities, 
backfill mass from crushed rock are protective structures for 
mine workings, which restrain the displacements of side 
rocks in the coal-rock mass. 
The use of backfilling of the mined-out space helps to re-
duce the loss of minerals in the subsoil. Backfilling is used to 
leave rock in the mine after mining operations and mine 
workings repair. Moreover, when conducting stope works 
with the backfilling of the mined-out space, the problem of 
waste-free, environmentally friendly production is solved. For 
backfilling of the mined-out space, wastes from processing 
plants and rock waste dumps can be used with certain re-
quirements for backfill materials substantiated in this research. 
In modern conditions, the backfilling of the mined-out space 
should be considered as a way to protect the environment from 
the technogenic impact of underground mining operations. 
5. Conclusions 
1. The physical and mechanical characteristics of the 
crushed rock determine the ability of the backfill mass, as a 
deformable system to respond to the impact of external fac-
tors, which are manifested during unloading the coal-rock 
mass.  The change in the void factor and the backfill mass 
shrinkage under compression pressure influence depends on 
the load value, the size of the crushed rock fractions and their 
percentage content in the total volume. 
2. The deformation properties of the backfill mass indi-
cate that under a constant load, their rigidity variance is pos-
sible as a result of a change in the crushed rock granulo-
metric composition. The maximum shrinkage of the backfill 
mass occurs at the maximum value of the crushed rock com-
paction coefficient, when kcompa = 1.56. With this compaction 
coefficient value, the optimal characteristics of the backfill 
mass are ensured. When solving the problem of mine work-
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ings stability, it is necessary to predetermine the issues of the 
backfill mass rigidity, which will restrain the side rocks dis-
placements with a certain permissible value of shrinkage and 
ensure the unloading of the coal-rock mass from stresses. 
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Експериментальні характеристики деформаційних властивостей закладних масивів 
І. Іорданов, Ю. Новікова, Ю. Сімонова, О. Єфремов, Є. Подкопаєв, А. Король 
Мета. Визначити деформаційні властивості закладних масивів, використовуваних для збереження цілісності вуглепородної то-
вщі, що вміщає гірничі виробкит. 
Методика. Для досягнення поставленої мети були виконані лабораторні дослідження на зразках з роздробленої породи різного 
гранулометричного складу, які піддавалися одноосьовому стиску в сталевому циліндрі. Експериментальні дані оброблялися мето-
дами математичної статистики. 
Результати. В результаті виконаних лабораторних досліджень встановлено, що при компресійному стискуванні закладного ма-
теріалу з роздробленої породи, модуль деформації є змінною величиною і залежить від значення прикладеного навантаження, а 
значить, не може застосовуватися як фізична характеристика закладного масиву. Доведено, що модуль деформації характеризує 
жорсткість закладного масиву, тобто його граничний напружений стан. Величину жорсткості, при постійному зовнішньому наван-
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таженні, можна регулювати гранулометричним складом дробленої породи. Встановлено, що досягнення максимальної усадки за-
кладного масиву, забезпечується при перепакування неоднакових за розмірами фракцій роздробленої породи при об'ємному стис-
ненні закладного матеріалу. У разі, коли закладний матеріал представлений однорідної фракцією роздробленої породи, при збіль-
шенні компресійного модуля, жорсткість закладного масиву збільшується, а усадка зменшується. 
Наукова новизна. Доведено, що значення коефіцієнта ущільнення подрібненої породи, який характеризує усадку закладного 
масиву, корелюються параболою і залежать від гранулометричного складу вихідного матеріалу. При неоднорідному гранулометри-
чному складі, значення коефіцієнта ущільнення приймають максимальні значення, а для закладного матеріалу з однаковою фракці-
єю – зменшуються, у міру зміни насипної щільності роздробленої породи. 
Практична значимість. Для забезпечення стійкості бічних порід і збереження гірничих виробок в експлуатаційному стані, не-
обхідно забезпечити рівномірну за обсягом неоднорідність гранулометричного складу роздробленої породи, що визначає здатність 
покрівлі і ґрунту вугільного пласта ефективно реагувати на вплив зовнішніх факторів, що проявляються в масиві осадових гірських 
порід при веденні гірничих робіт. 
Ключові слова: стійкість, покрівля, вугільний пласт, очисний вибій, напружено-деформований стан, моделювання, еквівалентні матеріали 
Экспериментальные характеристики деформационных свойств закладочных массивов 
И. Иорданов, Ю. Новикова, Ю. Симонова, О. Ефремов, Е. Подкопаев, А. Король 
Цель. Определить деформационные свойства закладочных массивов, используемых для сохранения целостности углепородной 
толщи, вмещающей горные выработки. 
Методика. Для достижения поставленной цели были выполнены лабораторные исследования на образцах из дробленой породы 
разного гранулометрического состава, которые подвергались одноосному сжатию в стальном цилиндре. Экспериментальные дан-
ные обрабатывались методами математической статистики. 
Результаты. В результате выполненных лабораторных исследований установлено, что при компрессионном сжатии закладоч-
ного материала из дробленой породы, модуль деформации является переменной величиной и зависит от значения прикладываемой 
нагрузки, а значит, не может применяться как физическая характеристика закладочного массива. Доказано, что модуль деформации 
характеризует жесткость закладочного массива, т.е. его предельное напряженное состояние. Величину жесткости, при постоянной 
внешней нагрузке, можно регулировать гранулометрическим составом дробленной породы. Установлено, что достижение макси-
мальной усадки закладочного массива, обеспечивается при переупаковке неодинаковых по размерам фракций дробленой породы 
при объемном сжатии закладочного материала. В случае, когда закладочный материал представлен однородной фракцией дробле-
ной породы, при увеличении компрессионного модуля, жесткость закладочного массива увеличивается, а усадка уменьшается. 
Научная новизна. Доказано, что значения коэффициента уплотнения дробленой породы, который характеризует усадку закла-
дочного массива, коррелируются параболой и зависят от гранулометрического состава исходного материала. При неоднородном 
гранулометрическом составе, значения коэффициента уплотнения принимают максимальные значения, а для закладочного матери-
ала с одинаковой фракцией- уменьшаются, по мере изменения насыпной плотности дробленой породы. 
Практическая значимость. Для обеспечения устойчивости боковых пород и сохранности горных выработок в эксплуатацион-
ном состоянии, необходимо обеспечить равномерную по объему неоднородность гранулометрического состава дробленой породы, 
что определяет способность кровли и почвы угольного пласта эффективно реагировать на воздействия внешних факторов, прояв-
ляющихся в массиве осадочных горных пород при ведении горных работ. 
Ключевые слова: устойчивость, кровля, угольный пласт, очистной забой, напряженно-деформированное состояние, модели-
рование, эквивалентные материалы 
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